In models with multiple nondegenerate Higgs bosons, the decay chain H/A → A/H Z → tt Z may have a partial width comparable to the tt decay mode. We recast the ATLAS standard model tt Z measurement to put limits on the rate for this process.
A. Model independent limits
Both ATLAS [5] and CMS [10, 11] have multileptons searches which measure the SM tt Z production cross section at 8 TeV and also at 13 TeV [12, 13] . Neither experiment sees a significant deviation from their SM expectations. The total theoretical SM tt Z cross section is ∼ 200 fb at √ s = 8 TeV. Due to the small size of this cross section, the 8 TeV data should provide useful limits on the process H/A → A/H Z → tt Z. The strongest limit is given by a particular region of the ATLAS [5] search that has the following selection criteria:
• four anti-k T jets with p T > 25 GeV,
• three leptons with p T > 15 GeV,
• on Z selection within 10 GeV of the Z mass,
• one b tagged jet.
We use CheckMATE [14] to recast this signal region. We also include the jet-lepton overlap removal and an approximation to the lepton isolation criteria. We then validated our
CheckMATE analysis against a sample of SM tt Z events generated with MADGRAPH [15] and showered with PYTHIA 6 [16] . We use a modified 2HDM FEYNRULES model [17] with HERWIG++ [18] to generate our signal events.
For the H production cross section we use the SM heavy Higgs gluon-gluon fusion cross section σ SM from [19] . The A production cross section σ A SM is larger than σ SM by a mass dependent scale factor that we deduce from the results in [20] . In Fig. 1 we show our resulting upper limits on the product of the branching ratios Br(H/A → A/H Z) and Br(A/H → tt) as a function of m A and m H . These results can easily be scaled to account for different values of the production cross sections.
Our signal has similar characteristics to the SM tt Z production and if anything our signal has a higher acceptance times efficiency. Thus we can compare our signal with the tt Z background for any given search and quickly estimate additional possible limits. We have not found more stringent limits from other available LHC searches.
B. 2HDM limits in the alignment limit
The 2HDM is a useful benchmark model in which to discuss these decays. In order to ensure that our results are consistent with a SM Higgs boson we work in the alignment limit where sin(β − α) = 1, and we set λ 6 = λ 7 = 0 [21] We set the charged Higgs mass to be the same as either the heavier or the lighter of H and A. In the latter case there is only a limit at tan β = 1 since the competing decay mode For the H ± W ∓ decay mode we consider A/H → H ± W ∓ → t bW → W W bb which has a large background from SM tt production. We choose masses that are allowed from Fig. 2 , m H ± = 350 GeV and m H/A = 650 GeV. We then scan the relevant searches available in Check-MATE. We find that the signal contributes at most a relatively small number of events to some of the signal regions in [23] [24] [25] [26] .
We may use the ATLAS tt Z measurement at 13 TeV [12] to help estimate future 13 TeV limits. Assuming the future observations are consistent with the SM, 10 fb −1 of data will provide comparable limits to our 8 TeV analysis. The improvement from 100 fb −1 of data is such that the dashed and dotted curves on the corresponding plots would move out to roughly the location of the solid curves in Fig. 2 . The solid curves would extend out as far as ∼ 900
and ∼ 550 GeV in the vertical and horizontal directions respectively. The constraints on the mass differences would be as small as ∼ 110 GeV.
During the LHC run 2 other types of searches will further constrain heavy Higgs masses.
Heavy Higgs boson production in association with top quarks, ttH/A and tW bH/A, with
H/A → tt is another process of interest for the alignment limit at low tan β. With 100 fb −1 of data at 13 TeV this process can rule out a heavy Higgs mass in the 500 to 700 GeV range at tan β = 1 (see e.g. [27] ). This process does not yield a corresponding constraint from the 8
TeV data. We supplement the limits from our tt Z analysis by limits on the A → tt decay. The CMS 8 TeV search for tt resonances [28] sets un upper limit of σ tt < 0.3 pb on a narrow scalar resonance at 750 GeV. The corresponding ATLAS limit is σ tt < 0.7 pb [29] . Neither ALTAS nor CMS has a search for a wide width scalar tt resonance. CMS [28] has a constraint on wide tt resonance due to a 750 GeV Z ′ , where σ Z ′ < 512 fb for a 10% width. This provides a rough estimate for the wide width scalar limit.
II. THE 750 GEV DIPHOTON EXCESS FROM
The γγ cross section should be ∼ 4-9 fb [30] in order to account for observed excess at 13 TeV. The corresponding 8 TeV cross section is ∼ 0.6-2 fb. There is also an upper limit of ∼ 1.3 fb from the CMS 8 TeV data [31] while the ATLAS 8 TeV limit is weaker [32] . We use σ γγ ∼ 0.9 fb at 8 TeV to accommodate the CMS limit and the 13 TeV excess. This value corresponds to the narrow width best fit value of ∼ 4 fb at 13 TeV [30] .
We express these constraints on the γγ, tt and tt Z cross sections in terms of the partial
The largest contributions to Γ other are from bb and ττ. The production cross section σ 
The upper limits on σ tt and σ tt Z then determine the allowed regions on our plots. As can be seen from (4) and the results in Table I contour curves are shown in Fig. 3 .
The maximum allowed g g and the minimum allowed γγ widths occur at the intersection point of the two limit curves in Fig. 3 and they are shown in Table II 
The cross section limits for this process from the ATLAS four or more lepton search 
III. SUMMARY
When the masses of additional Higgs bosons are not degenerate, the A/H → tt Z final state offers a relatively model independent and clean probe of the heavy Higgs sector. In the 2HDM
(at low tan β and close to the alignment limit) we found that it eliminates quite a large region 3 When m H ± = m H = 650 GeV, Γ Thus this picture should be quite testable as new LHC data emerge.
